The innate antiviral factor TRIM5␣ restricts the replication of some retroviruses through its interaction with the viral capsid protein, leading to abortive infection. While overexpression of human TRIM5␣ results in modest restriction of human immunodeficiency virus type 1 (HIV-1), this inhibition is insufficient to block productive infection of human cells. We hypothesized that polymorphisms within TRIM5 may result in increased restriction of HIV-1 infection. We sequenced the TRIM5 gene (excluding exon 5) and the 4.8-kb 5 putative regulatory region in genomic DNA from 110 HIV-1-infected subjects and 96 exposed seronegative persons, along with targeted gene sequencing in a further 30 HIV-1-infected individuals. Forty-eight single nucleotide polymorphisms (SNPs), including 20 with allele frequencies of >1.0%, were identified. Among these were two synonymous and eight nonsynonymous coding polymorphisms. We observed no association between TRIM5 polymorphism in HIV-1-infected subjects and their set-point viral load after acute infection, although one TRIM5 haplotype was weakly associated with more rapid CD4 ؉ T-cell loss. Importantly, a TRIM5 haplotype containing the nonsynonymous SNP R136Q showed increased frequency among HIV-1-infected subjects relative to exposed seronegative persons, with an odds ratio of 5.49 (95% confidence interval ‫؍‬ 1.83 to 16.45; P ‫؍‬ 0.002). Nonetheless, we observed no effect of individual TRIM5␣ nonsynonymous mutations on the in vitro HIV-1 susceptibility of CD4 ؉ T cells. Therefore, any effect of TRIM5␣ polymorphism on HIV-1 infection in primary lymphocytes may depend on combinations of SNPs or on DNA sequences in linkage disequilibrium with the TRIM5␣ coding sequence.
Humans demonstrate significant variability in their susceptibility to human immunodeficiency virus type 1 (HIV-1) infection (5, 11, 12, 14, 37) and to disease progression after seroconversion (7, 19, 24, 27, 28) . Variation in human genes having innate antiviral function may contribute to these differences through subtle, but significant alterations in gene expression or protein function. Understanding and exploiting the effects of polymorphisms in innate antiviral factors on HIV-1 susceptibility and disease progression may provide essential insights for the development of effective vaccine strategies and novel treatment modalities.
The innate antiviral restriction factor TRIM5␣ exerts a saturable postentry block to retroviral infection (45) . TRIM5␣ is a member of the tripartite motif family of proteins (36) , which is characterized by a RING domain, one or two B-boxes, and a coiled-coil domain. The longest splice isoform of TRIM5, TRIM5␣, also contains a carboxy-terminal SPRY (B30.2) domain, which largely defines its antiviral activity (39, 46, 51) . TRIM5␣ restricts viral infection in a capsid protein (CA)-dependent manner (17, 29, 48) , possibly resulting in intracellular sequestration of the viral core, viral genome degradation or disruption of the uncoating process. In Old World monkey cells, TRIM5␣ produces a robust replicative block to HIV-1 infection (4, 8, 16, 20, 29, 45) . Whereas human TRIM5␣ (TRIM5␣ hu ) enacts a similarly vigorous postentry restriction against N-tropic murine leukemia virus and equine infectious anemia virus (16, 34, 50) , its ability to restrict viruses having HIV-1 CA is insufficient to block infection (16, 45) . Furthermore, TRIM5␣ hu -mediated restriction of HIV-1 infection generally has been characterized in cell lines that overexpress the protein (16, 18, 34, 39, 44, 45) . What role, if any, TRIM5␣ hu might play under normal expression conditions in relevant HIV-1 target cells is not understood.
Given that HIV-1 readily infects most human target cells (CD4 ϩ T cells), it is possible that TRIM5␣ hu does not appreciably restrict HIV-1 under normal conditions of expression. However, rare TRIM5␣ hu variants with greater anti-HIV-1 activity conceivably may exist. We hypothesized that these TRIM5␣ variants may be enriched among persons who remain seronegative despite frequent high-risk sexual exposures to HIV-1. Alternatively, the weak restriction of HIV-1 exerted by TRIM5␣ hu may play a role in determining disease progression or set-point viral load. To define the role of TRIM5␣ hu in HIV-1 infection, we investigated the hypothesis that genetic variation in the TRIM5 coding sequence or putative regulatory region is associated with altered clinical outcomes such as acquisition of HIV-1 infection, set-point viral load or CD4 ϩ T-cell loss after infection, or in vitro indicators such as CD4 ϩ T-cell susceptibility to HIV-1 infection. These studies were conducted in primary lymphocytes obtained from 96 exposed seronegative and 140 seropositive volunteers.
MATERIALS AND METHODS
Study population. We recruited and enrolled 236 uninfected and HIV-infected study participants from the Seattle area (Table 1) . These volunteers were predominantly men having sex with men (MSM) of European-American descent. Ninety-six individuals were HIV-1 high-risk exposed seronegatives (ES), and their enrollment criteria and study procedures have been previously described (14) . In addition, we included 140 HIV-1-infected participants in the University of Washington Primary Infection Clinic, whose enrollment criteria have been previously reported (40, 41) . These patients were monitored in the clinic at 2-week to 4-month intervals, at which time interim illnesses, use of antiretroviral medications, and CD4 ϩ T-cell counts, and HIV-1 RNA levels in plasma were ascertained. The plasma HIV-1 RNA set-point level, determined in 105 antiretroviral therapy-naive volunteers, was defined as the median log 10 -transformed copies of HIV-1 RNA/ml of plasma between 100 days and 2 years postinfection (32) . CD4 ϩ T-cell slopes, calculated for 90 antiretroviral therapy-naive volunteers, were defined by using the linear regression of the square-rooted CD4 ϩ T-cell counts/ml between 90 and 820 days postinfection.
HIV-1-infected and ES volunteers were well matched by ethnicity and CCR5 genotype (Table 1 ). There were significantly more women in the ES group (P Ͻ 0.01). ES subjects (median, 43 years; range, 26 to 69 years) were slightly older than those in the HIV-1-infected group (median, 39 years; range, 27 to 69 years). However, these differences should not be associated with TRIM5␣ genotype or in vitro HIV-1 susceptibility.
TRIM5 genomic DNA sequencing and analysis. Genomic DNA was isolated from Epstein-Barr virus-immortalized B-cell lymphocyte lines (47) for all study participants (QIAamp DNA kit; QIAGEN, Inc., Valencia, CA). Overlapping PCR primers were designed to cover from 4.8 kb upstream from exon 1 to 170 bp downstream from exon 8, excluding 11.8 kb containing introns 4 and 5 and the 20 bp of exon 5, according to GenBank sequences AF220027 and AK027593. Nucleotides Ϫ9688 through 2049 and nucleotides 12490 through 16789 were sequenced. Primer selection was facilitated by the use of the computer program Primer 3 (38) embedded within custom in-house scripts to enable convenient primer design. PCR primer sequences are provided in Table 2 . PCR was carried out with 25 cycles of denaturing at 95°C for 20 s, annealing at 50°C for 10 s, and extension at 60°C for 4 min.
Automated sequence analysis was performed in a 3730xl DNA analyzer (Applied Biosystems, Foster City, CA). Sequence data were acquired and managed by using a data tracking, management, and storage system described elsewhere (13) . Shotgun sequence assembly, editing, and SNP detection were performed by using the Phred-Phrap-Consed package (9, 10, 15) .
CCR5 genotyping. The HIV-1 coreceptor CCR5 ⌬32 genotype (23) was determined by using DNA restriction fragment length polymorphism analysis as previously described (35) .
HIV-1 JR-CSF infection assay. HIV-1 JR-CSF was generated by 293T cell transfection (2) with proviral plasmid pYK-JRCSF (contributed by Irvin SY Chen and Yoshio Koyanagi [6] and provided by the NIH AIDS Research and Reference Reagent Program). Primary CD4 ϩ T cells were isolated from peripheral blood mononuclear cells by negative selection using magnetic antibody bead separation (CD4 ϩ T-cell Isolation Kit; Miltenyi, Auburn, CA) and stimulated by 1.5 g of phytohemagglutinin (PHA; Remel, Lenexa, KS)/ml for 3 days at 37°C and 5% CO 2 . Primary CD4 ϩ T lymphoblasts were incubated with virus supernatant (multiplicity of infection ϭ 0.015, 0.003, or 0.0006) for 4 h at 37°C, washed extensively, and cultured in four replicates of 2 ϫ 10 5 each in HEPES-buffered RPMI 1640 (Gibco, Carlsbad, CA) supplemented with penicillin (50 U/ml; Gibco), streptomycin (50 g/ml; Gibco), L-glutamine (2 mM; Gibco), 10% heatinactivated fetal bovine serum (Gemini Bio-Products, Woodland, CA), and 100 U of interleukin-2 (IL-2; Chiron, Emeryville, CA)/ml. At 3, 5, 7, 10, and 12 days postinfection, 100 l of supernatant was harvested and stored at Ϫ70°C for batch HIV-1 quantitation. HIV-1 in supernatants was quantified by p24 enzyme-linked immunosorbent assay (Perkin-Elmer, Boston, MA) according to the manufacturer's guidelines, with results reported as total picograms of p24 antigen present in culture supernatant.
VSV-G pseudotyped HIV-1⌬envGFP infection assay. For single-round infection using a green fluorescent protein (GFP)-expressing pseudotype, vesicular stomatitis virus (VSV) envelope was used to package vector HIV-1 LAI ⌬envGFP (49; kindly provided by M. Emerman, Fred Hutchinson Cancer Research Center, Seattle, WA) by 293T cotransfection. PHA-stimulated CD4 ϩ T cells (10 5 ) were infected with serial dilutions of viral inoculum by spinoculation (31) for 1 h at 1,900 ϫ g and 30°C in culture medium containing 20 g of DEAE-dextran/ml. After spinoculation, IL-2 medium was added (final concentration, 50 U/ml), and infection was permitted to progress for 40 to 44 h, after which cells were fixed in 2% paraformaldehyde and assessed for GFP expression on a FACSCalibur flow cytometer (Becton Dickinson) within 24 h of fixation. FlowJo software (Tree Star, Inc., Ashland, OR) was used for analysis.
Statistical analyses. Demographic and genotypic comparison of HIV-1 ϩ and ES volunteers was performed by using the Fisher exact test. Log-transformed p24 ELISA and set-point viral load results were assessed by using the Student t test. When no p24 antigen was detectable, 10 pg/ml, representing the limit of detection, was substituted. HIV-1 JR-CSF infection data from CCR5⌬32 homozygous individuals were excluded from further analysis, since these individuals served as negative controls in experiments utilizing R5-tropic viruses. For HIV-1 serostatus and disease progression, volunteer groups were assessed for individual SNP frequency and for the distribution of the minor allele across homozygous or heterozygous genotypes. In both of these analyses, the Fisher exact test was used. Linkage disequilibrium was calculated for each pair of polymorphisms. For haplotype association analyses, we used the logistic regression model previously described (22, 52) for binary phenotypes (serostatus) and a linear regression model for continuous phenotypes (T-cell slope). For these analyses, we used Hplus software that we created for haplotype estimation (http://qge.fhcrc.org/hplus/). In these analyses, individuals' haplotypes are inferred from genotypes by using an estimating equation method, and the uncertainty of inference is incorporated in either the logistic regression or the linear regression estimation. Any association between clinical outcome and the haplotype was tested simultaneously with the haplotype inference. The odd ratios (ORs) are calculated and further tested for significance.
RESULTS
Identification of TRIM5 variants. In order to define potential TRIM5 polymorphisms in our study population (96 ES, 110 HIV-1 infected), we sequenced 14.7 kb on chromosome 11p15 from genomic DNA, between the putative regulatory region 4.8 kb upstream from the first exon and 170 bp downstream from the 3Ј terminus of exon 8 (Fig. 1 ). An 11.8-kb sequence containing introns 4 and 5 and the 20 bp exon 5 were excluded. Because the regions encoding the RING, B-box 2 and SPRY domains as well as the N-terminal 40 amino acids of the coiledcoil domain contained the majority of coding SNPs identified, these regions, encoding amino acids 1 through 171 and 350 through 493, were sequenced in an additional 30 HIV-1-infected volunteers (Table 2) .
These sequence data revealed 48 SNPs (Table 3) : 17 were located in the putative 5Ј regulatory region, 3 were located in the noncoding exon 1, 7 were located in the in exon 2, 2 were located in the in exon 3, 1 was located in the in exon 4, 9 were located in the in exon 8, 9 were located in the within introns, and 1 was located in the downstream to exon 8. No SNPs were detected in exons 6 and 7. Twenty SNPs were present at an allele frequency of Ͼ1% (Table 3) . Ten coding SNPs were identified, including two synonymous and eight nonsynonymous polymorphisms (Fig. 1) . With the exception of H419Y in the SPRY domain, all nonsynonymous SNPs were located within the RING (one nsSNP), B-box 2 (four nsSNPs), and coiled-coil (two nsSNPs) domains encoded within exon 2 (Fig. 1) . With the exceptions of Ϫ4879C/G and 1917A/G, polymorphism distributions for all SNPs identified were in HardyWeinberg equilibrium. Because the frequency of the minor variant at these positions is low (Table 3) , the Hardy-Weinberg violations observed result from the presence of a single volunteer in each case who was homozygous for that minor allele. This most likely represents a stochastic event rather than a real biological finding. Pairwise calculation of linkage disequilibrium revealed a high degree of linkage disequilibrium across TRIM5 (Fig. 2) , increasing the certainty with which haplotypes could be inferred.
Haplotypes of TRIM5 variants. In order to examine the role of longer sequences of DNA containing multiple SNPs, TRIM5 haplotypes were inferred for each study participant (22, 52) . To accommodate partial sequence data from 30 HIV-1-infected subjects, haplotypes were inferred separately for the 25 SNPs sequenced in all 236 volunteers and for the 20 SNPs sequenced in 206 volunteers. Haplotypes encompassing 25 SNPs spanning the coding region of TRIM5 are termed "coding haplotypes," whereas haplotypes encompassing 20 SNPs within the putataive 5Ј regulatory region are termed "regulatory haplotypes." Three SNPs in intron 3 were excluded from these analyses because they were determined for only 206 volunteers but were not contiguous with the SNPs contained within the regulatory haplotype analysis. There were nine common coding haplotypes, accounting for 91% of the ES chromosomes and 89% of the chromosomes in the HIV-1-infected group (Table 4) . Three common regulatory haplotypes accounted for 92% of chromosomes in both ES and HIV-1-infected study groups.
Association between TRIM5 haplotypes and HIV-1 serostatus. We hypothesized that TRIM5␣ variants with increased activity against HIV-1 may be more frequent among ES relative to HIV-1-infected subjects. Therefore, we compared TRIM5 SNP and haplotype frequencies for ES and HIV-1 ϩ individuals. None of the individual TRIM5 polymorphisms identified was associated with HIV-1 serostatus, either when analyzed by allele frequency (Table 3) or by the propensity of the minor variant to be inherited in either a heterozygous or homozygous genotype (data not shown). However, coding haplotype 9 was markedly enriched among HIV-1-infected individuals relative to ES, with an odds ratio of 5.49 (95% confidence interval [CI] ϭ 1.83 to 16.45; P ϭ 0.002) ( Table 4) . Coding haplotype 9 differed from the most common coding haplotype (haplotype 1) by the presence of the minor SNP at R136Q. The increased frequency of coding haplotype 9 in HIV-1-infected subjects also was also detected when haplotype 2, which was equally frequent in both HIV-1-infected and ES groups, was used as the referent haplotype, with odds ratio of 3.87 (95% CI ϭ 1.31 to 11.48; P ϭ 0.015). That the association between coding haplotype 9 and HIV-1 serostatus is observed when either haplotype 1 or haplotype 2 is used as reference demonstrates that this association is robust. None of the regulatory haplotypes was associated with HIV-1 serostatus. Of note, we observed an association of HIV-1 serostatus with the TRIM5 coding haplotype 9 but not with the individual TRIM5 SNP R136Q. This may indicate that the effect of TRIM5␣ on HIV-1 acquisition is dependent on combinations of genetic polymorphisms or that the factor responsible for the observed difference in HIV-1 serostatus is in linkage disequilibrium with this haplotype.
Association between TRIM5 genotype and HIV-1 set-point viral load. We hypothesized that TRIM5 polymorphisms can impact set-point viral load, perhaps by restricting postentry transcription and replication. For 105 HIV-1-infected subjects, we ascertained whether the median level of viral burden after acute infection, or set-point viral load (see Materials and Methods for a definition), was related to individual TRIM5 coding SNPs. Of the 10 coding SNPs identified, 2 synonymous and 7 nonsynonymous polymorphisms were represented among this subset of individuals. We observed no association between any TRIM5 genotype and set-point viral load, suggesting that the TRIM5␣ variants investigated do not play a major role in determining the steady-state level of HIV-1 production after seroconversion (Fig. 3) .
Association between TRIM5 SNPs and haplotypes and CD4 Using a linear regression model that incorporated the uncertainty of haplotype inferences, we identified a modestly significant association between the presence of TRIM5 haplotype 4 and faster CD4 ϩ T-cell loss (P ϭ 0.021). However, because adjustment for multiple testing abolishes the significance of this finding, the association of TRIM5 haplotype 4 with more rapid disease progression in HIV-1-infected individuals cannot be decisively defined in the small sample size of our population.
Assessment of in vitro HIV-1 production versus TRIM5 genotype. Because immune-mediated control of HIV-1 infection may obscure the effect of TRIM5␣ variants on CD4 ϩ T-cell susceptibility to HIV-1, we examined whether TRIM5 SNPs were associated with altered HIV-1 production after in vitro infection. HIV-1 JR-CSF infection of CD4 ϩ T cells from 77 HIV-1 seronegative volunteers permitted investigation of five nonsynonymous and one synonymous SNP. TRIM5 genotype was compared to p24 antigen production at 5 (data not shown) or 7 days (Fig. 4) postinfection. The heterozygous TRIM5 genotype G110/G110E was associated with a marginally significant increase in p24 production at 7 days postinfection (P ϭ 0.048), although the low allele frequency of the G110E variant (1.7%) allowed investigation of only 4 heterozygous individuals for in vitro HIV-1 production. Apart from G110E, no other nsSNPs resulted in altered CD4 ϩ T-cell p24 production following HIV-1 JR-CSF infection in vitro. These findings suggest that these 8 SNPs are neither protective nor detrimental in determining the level of HIV-1 p24 production following in vitro infection.
Effect of nonsynonymous TRIM5 polymorphisms on single round infection. We further investigated the effect of individual nonsynonymous TRIM5 polymorphisms on in vitro susceptibility to HIV-1 infection. A GFP-encoding HIV-1 LAI vector pseudotyped with the VSV envelope was used for these experiments, permitting highly sensitive quantitation of HIV-1 infection independent of viral entry and allowing more direct assessment of the postentry cytoplasmic restriction exerted by TRIM5␣. For each codon tested, volunteers having the minor allele of interest were matched to individuals homozygous for the major variant at that TRIM5 SNP and further matched, in descending order of importance, for HIV-1 serostatus, ethnicity, other TRIM5 coding polymorphisms, treatment status, viral load, and noncoding TRIM5 polymorphisms. For H43Y, V112F, and R136Q, subjects homozygous at the polymorphism in question were investigated (Fig. 5) . G110E, R119Q, R119W, and V140L were insufficiently frequent to permit examination of homozygous individuals, and heterozygous subjects were investigated. After infection, no differences in GFP positivity were observed that could be attributed to the presence of the minor variant at any of the codons tested (Fig. 5) . These findings suggest that the TRIM5␣ variants examined do not
FIG. 4. G110E polymorphism moderately associated with increased in vitro CD4
ϩ T-cell HIV-1 production. Viral infectivity was measured by p24 antigen production 7 days after in vitro HIV-1 JR-CSF infection of CD4 ϩ T cells from 77 seronegative individuals. Boxes demarcate interquartile range, with medians and 5th and 95th percentiles indicated. For each of six polymorphic amino acid residues, p24 production data are arrayed according to dominant, heterozygous, and homozygous minor genotypes. Asterisks indicate synonymous coding SNPs.
lead to a discernible change in the efficiency of HIV-1 infection postentry, even during the first round of infection.
DISCUSSION
TRIM5␣ in Old World monkeys blocks HIV-1 infection after entry (4, 8, 16, 45) , but human TRIM5␣ is normally ineffective against HIV-1 (16, 45). Nevertheless, TRIM5␣ hu has been demonstrated to effect some restriction of HIV-1 infection when expressed exogenously (3, 18, 21, 43, 45, 46 ).
We examined whether TRIM5␣ hu exerted any effect on HIV-1 infection of relevant target cells when normally expressed. We identified a TRIM5 coding haplotype that is significantly more common among HIV-1-infected persons than ES individuals, with and odds ratio of 5.49 (95% CI ϭ 1.83 to 16.45; P ϭ 0.002). Of interest, no such association between HIV-1 serostatus and TRIM5 polymorphism was detected at the level of individual SNPs. We detected a marginally significant association between TRIM5 coding haplotype 4 and more rapid CD4 individual coding SNP and set-point viral load could be discerned. Despite the robust relationship between TRIM5 haplotype and HIV-1 serostatus, our in vitro studies reveal no relationship between any single TRIM5 nsSNP and altered primary CD4 ϩ T-cell susceptibility to HIV-1 infection, as assessed either by p24 production after multiple rounds of infection or by frequency of infection in a single-round infection assay.
Variation in human genes encoding proteins with innate antiviral function may help define individual susceptibility to acquisition of infection or to disease progression after infection. TRIM5␣ and other saturable nonimmune antiviral restriction factors, such as APOBEC3F (53) or APOBEC3G (25, 26, 42) , may contribute to individual variability in clinical outcome through alterations in gene expression or protein function. Indeed, an association between the APOBEC3G H186R/ H186R genotype and more rapid HIV-1 disease progression has been identified (1). Importantly, apart from H419Y, we did not identify any polymorphisms within the TRIM5␣ SPRY domain. The SPRY domain is largely responsible for defining TRIM5␣ activity and specificity (30, 33, 46, 51) , and polymorphism in human populations within this protein region could explain variability in HIV-1 susceptibility. Nonetheless, the TRIM5␣ SPRY domain appears to have undergone purifying selection in humans (39a) leading to the relative absence of genetic polymorphism we observe in this region and contributing to the relative inefficiency of HIV-1 restriction by TRIM5␣.
To date, the majority of studies investigating the role of TRIM5␣ hu in HIV-1 infection have used stably transduced cell lines expressing elevated levels of TRIM5␣ (3, 18, 21, 43, 45, 46) . Although this molecular tool has been singularly useful in the elucidation of TRIM5␣ antiviral function, findings observed under exogenous elevation of TRIM5␣ levels cannot be easily correlated with the situation in vivo. The results of our investigations in primary human CD4 ϩ T cells and our study of TRIM5 genotype and haplotype versus relevant clinical outcomes are of particular significance in defining the role normally exerted by TRIM5␣ during HIV-1 infection. Our observation that TRIM5 variants are not associated with either altered in vitro CD4 ϩ T-cell HIV-1 susceptibility or distinct clinical outcome such as disease progression or viral load setpoint highlights the importance of investigating in vitro hostpathogen interactions under relevant conditions of infection and calls attention to the formidable hurdle that potential small-molecule therapeutics face in sufficiently inducing or enhancing the antiretroviral activity of TRIM5␣ hu .
A single TRIM5 coding haplotype was more frequently observed in HIV-1-infected individuals than in ES persons, raising the intriguing possibility that this haplotype is associated with increased risk of HIV-1 acquisition in vivo. This strong enrichment was detected when either of two different haplotypes was used as reference, demonstrating that the association is robust. Coding haplotype 9 differed from the reference haplotype 1 at R136Q. When haplotype 2 was taken as reference, coding haplotype 9 differed at SNP Ϫ2 G/C. Given that neither the R136Q nor the Ϫ2 G/C polymorphisms are individually associated with serostatus (P ϭ 0.396 and 0.118, respectively), we cannot attribute any difference in HIV-1 susceptibility to these polymorphisms. Further, our in vitro experiments indicate that R136Q does not alter HIV-1 susceptibility in primary CD4 ϩ T cells, and overexpression of the R136Q variant in feline CRFK cells similarly fails to affect HIV-1 infection (39a). Therefore, the finding that differences in serostatus are associated with TRIM5 haplotype 9 but not with the individual polymorphisms R136Q or Ϫ2 G/C may indicate that the genetic sequence responsible is in linkage disequilibrium with this haplotype, lying in TRIM5 or one of the TRIM genes adjacent to it. There is a possibility that the association of coding haplotype 9 with HIV-1 seropositivity may be spurious, but this is unlikely since the statistical significance of this result is not abolished after Bonferroni correction for multiple comparisons. The effect of coding haplotype 9 needs to be confirmed by sequencing in broader populations, including greater representation of other ethnicities.
Our investigation of the effect of nonsynonymous TRIM5 polymorphisms on in vitro HIV-1 susceptibility suggests that these coding mutations do not alter susceptibility to HIV-1 acquisition or disease directly. One hypothesis is that differences in TRIM5␣ expression resulting from polymorphisms either contained within or in linkage disequilibrium with TRIM5 coding haplotype 9 increases the possibility of HIV-1 infection in a given exposure. Examination of the levels of TRIM5␣ expression in primary resting and activated CD4
ϩ T cells and monocytes will be critical in defining the role TRIM5␣ plays in HIV-1 infection in vivo.
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